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Description

The invention relates generally to data commu-
nication systems and more particularly to a ring
communication network having an improved token
conirol mechanism.

In general, the prior art token passing rings
consist of a set of stations serially connected by a
transmission medium. Information is transferred se-
quentially, bit by bit, from one active station to the
next. Each station receives the data, repeats each
bit, and serves as the means for attaching one or
more devices such as terminals and work-stations
to the ring for the purpose of communicating with
other devices on the network. A station that has
access to the medium at any given instant may
transfer information onto the ring, where it cir-
culates from one station to the next. The addressed
destination station absorbs a copy of the informa-
tion as it passes. Finally, the station which transmit-
ted the information effectively removes it from the
ring.

The control mechanism for regulating the data
flow in a ring topology has generally been based
on the idea that permission to use the transmission
medium is passed sequentially from node to node
around the ring. The access function is distributed
to all nodes attached to the ring. An implicit token
may consist of a single bit by itself or a unique
sequence of information bits that contains an in-
dication of whether the token is free or busy. With
the token-access control scheme, the free token
circulates on the ring, giving each node in turn an
opportunity to transmit data when it detects the
token. A node having data to transmit can remove
the token, transmit its data, then issue an idle token
thereby allowing other nodes an opportunity to
transmit.

The primary functions associated with token
recognition and data transmission are performed
by a ring interface adapter at each node. This
adapter handles the basic transmission functions,
including frame recognition, token generation, ad-
dress generation, address recognition, error check-
ing, buffering of frames, link fault detection, as well
as interfacing with a user facility. The adapter may
also comprise a token holding timer for controlling
the maximum period of time a station may use the
transmission medium before passing the token and
an error detection and recovery mechanism to re-
store network operation in the event that transmis-
sion errors cause the access method to deviate
from normal operation.

Ring communications are generally well known
in the art as exemplified by United States patent
No. 4,293,948 issued to Olof Soderblom on Octo-
ber 6, 1981. This patent describes a master-slave
ring communication system in which control of the
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ring is passed sequentially from one station to the
next. A station obtains use of the ring by detecting
the presence of a pair of control signals on the ring
and preventing further downstream progress of
those control signals. The station that obtains con-
trol transmits its data followed by the control sig-
nals necessary to inform the next station down-
stream that it has completed its fransmission there-
by providing it with the opportunity to transmit data
in its turn. Reception of the control signals by the
master station is an indication that all the slave
stations have had the opportunity to fransmit in-
formation. In view of iis dominant position, the
master station is called upon to solve transmission
problems occurring on the medium by controlling
the recovery process of the ring.

Another form of token passing ring commu-
nication system is described in United States pat-
ent No. 3,597,549 issued to W.D. Farmer et al on
August 3, 1971. The patent describes a closed loop
transmission line linking all stations in a multistation
ring network on which a continuous bipolar bit
signal is maintained for providing station clock re-
covery. A station transmits data overwriting the
loop signal with the station outgoing message, and
an end-of-message code on the loop is followed by
a token. A station wishing to transmit effectively
removes the token from the ring to signify to down-
line stations that it has seized control and then
immediately transmits its message followed by the
token. Control of the loop is thus similarly passed
around the loop to provide every station in turn an
opportunity to transmit data. One of the stations is
operated as a supervisory station to exert overrid-
ing control of the common loop when loop opera-
tion or administrative troubles develop.

A closed loop communication system in which
the terminals are grouped into priority classes is
disclosed in US Patent 3,985,962. In the system,
any terminal can seize a free channel if cerfain
priority conditions exist. A channel (frame) is al-
ways preceded by a header comprising a priority
request field and a priority grant field. The request
field has n bits assigned to the n priority classes; a
terminal requiring service sets that bit to "1" which
corresponds to its class. Thus, the controller re-
ceives a compiled overall request and inserts, for
the next cycle, into the grant field an indication as
to which priority class or classes are now allowed
access to the channel. This is accomplished by
shifting the contenis of the request field to the
grant field. A terminal can only seize the channel if *
its priority class is allowed for that cycle by the
grant field and if the channel is still free.

Two multiservice (voice and data) communica-
tion systems -CARTHAGE and LCT 6500 - are
discussed by R. Renoulin et al in Communication
and Transmission, Vol. 6, No. 1, pp. 49-60 (1984).
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These networks, which integrate circuit switched
and packed switched data in the same time frame
running along a ring and can access public net-
works.

As long as all of the system components func-
tion flawlessly, a token ring operates correctly.
However, if the token is ever accidentally lost or
mutilated as for example, by a noise burst on the
transmission medium, failure of the system resuits.
Therefore, any ring control strategy must be pre-
pared to restart itself after transient error by regen-
erating the permission to send and bestowing it
uniquely upon one of the modes. Unfortunately,
with a completely decentralized control strategy, it
is very difficult to determine with certainty that the
control entity has been lost, and it is even more
difficult to decide which mode should conirol the
ring. Thus, there must be provided either some sort
of contention scheme 1o deal with error recovery or
have a single node provide a centralized mecha-
nism for restart.

The present invention provides a communica-
tion system comprising, a plurality of stations each
having an input port for receiving data and an
output port for transmitting data, and a transmission
medium for interconnecting said stations in a ring,
each of the stations comprising means for deter-
mining the busy/idle status of the ring, one of the
stations comprising means for generating clock and
framing signals, each frame of data on the ring
being preceded by a toggle signal having one or
another value, the values of the toggle signal in two
consecutive frames determining the busy/idle sta-
tus of the ring whereby a station recognizes the
ring to be idle if the present value of the foggle
signal in the same as the value of the toggle signal
in the previous frame, and a station recognizes the
ring to be busy if the present value of the toggle
signal is different from the value of the toggle
signal in the previous frame, the system being
characterised in that each frame of data further
comprises a status bit preceding the toggle signal,
each station being non-responsive to a first value of
the status bit and being responsive to a second
value thereof for re-initializing itself.

The control mechanism for the ring commu-
nication network comprises a toggle signal that
precedes the data portion of every frame. The
interface adapter at every station is provided with
means for recognizing the value of the toggle sig-
nal and means for changing its characteristic when
the station wishes to insert data on the ring. A
station recognizes that the ring is idle if the present
value of the toggle signal is the same as the value
of the toggle signal in the previous frame. Con-
versely, a station recognizes that the ring is busy if
the present value of the toggle signal is different
from the value of the toggle signal in the previous
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frame. A station the detects that the ring is idle and
that wishes to transmit data on the communication
ting changes the value of the toggle signal and
transmits its data. When a station has finished
transmitting, its monitors the next frame to verify
that the data has been correctly transmitted all the
way around the ring; however, the station does not
modify the toggle signal.

In a first embodiment of the invention a toggle
signal comprises a single bit (T) that precedes the
data portion of the frame. When the values of the
toggle bit in the present and the previous frame
have not been corrupted by transmission errors,
the two values determine whether the frame is
busy or idle. The frame is busy if the two values
differ and idle if they are the same. Whenever the
frame is idle, any station that wishes to transmit
can mark it busy by toggling the T-bit and use it
for sending data.

When the T-bit value is corrupted by a noise
burst or other reason, either an idle frame is
marked busy or a busy frame is marked idle. The
former condition corrects itself after one frame time
because all the stations on the ring will assume
that the frame is busy and hence, after a roundtrip
of the ring, the frame will be recognized as being
idle again.

However, error recovery is somewhat more in-
volved when a busy frame is accidentally marked
idle. In that case, several stations may transmit in
the same frame. To discover the conflict, every
station that transmitted must compare the content
of the frame of data coming back around the ring
with the frame of data it transmitted. If the two
differ but the incoming frame is valid, then a con-
flict has occurred and the station abstains from
transmitting in the next N frames. In this case, N
corresponds to at least the number of stations on
the ring.

In a second embodiment of the invention, an
even more robust recovery mechanism is provided.
The toggle signal comprises a pair of bits; a T-bit
as in the first embodiment and a reset or R-bit
preceding the T-bit. The significance of the T-bit is
the same as described above, but only if the value
of R is a predetermined one of two values (normal
value). When the value of R is the other value
(reset value), the station is forced to a reset state; it
stores the value of the T-bit, but does not transmit
any new frames of data and ignores any frames of
data addressed to it. The R-bit is set to the reset
value by the first station to detect a conflict and it
will be set to the normal value by the first station to
recognize the reset value in iwo consecutive
frames. Thus, all the stations on the ring will have
been reset and the conflict resolved in one frame
fime.

The two methods described above provide a
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more robust recovery mechanism for ring mecha-
nism than was heretofore known, by resolution of
the conflicts caused by transmission errors. A still
further variation of the invention provides a control
mechanism for the prevention of conflicts, at least
with a large degree of probability.

In a third embodiment of the invention, the
toggle signal is a byte (T-byte) of data preceding
the data portion of the frame. The frame is consid-
ered idle if the T-byte value in the present frame is
the same as that in the previous frame, and is
considered busy if the T-byte values are different.
A station wishing to transmit data modifies the T-
byte to mark the ring busy.

An example embodiment of the invention will
now be described in conjunction with the drawings
in which:

Figure 1 is a generalized ring communication
system such as may utilize a control mechanism
in accordance with the invention;

Figure 2 is a pair of bit siream charts illustrating
the format of signals employed for information
and control in the system of figure 1;

Figure 3A is a block circuit diagram of a slave
station of the system of figure 1; and

Figure 3B is a block circuit diagram of a control
station of the system of figure 1.

Figure 1 illusirates a ring communication sys-
tem comprising a set of stations A, B, C, D, E,
serially connected by a transmission medium 10.
Information is transferred sequentially, bit by bit,
from one station to the next, in the direction in-
dicated by arrow 11. Data flows into receive ports
12 - 16 of stations A, B, C, D, E and is transmitted
out of transmit ports 17 - 21 to the medium 10.
Each station regenerates and repeats each bit or it
transmits its own data, and serves as the means for
attaching one or more devices 22 to the ring for the
purpose of communicating with other devices on
the network. The devices 22 may be terminals,
workstations, or other types of user equipment
which usually comprise a microprocessor and are
software controlled. Generally, a given station ob-
tains access to the medium and transfers informa-
tion onto the ring where the information circulates
from one station to the next. The addressed des-
tination station(s) copies the information as it
passes and acknowledges reception by modifying
a status field of the data. Finally, the station which
transmitted the information receives the modified
status field from the destination station. Since ring
communication systems are serial in nature, the
failure of any one station can cause the entire
system fo fail. Therefore, a bridging function at
every station may be provided so that, at the
occurrence of a failure, the receive and transmit
ports of the failed station are bridged and the
circuit is again complete.
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Access control to the fransmission medium is
through the use of a token signal which precedes
the data field and which may be a single bit or a
unique signalling sequence. Figure 2 is a pair of
diagrams illustrating the data format for the ring
communication system of figure 1 which will be
assumed to provide synchronous communication
between stations on the ring. Hence, the ring may
be used for speech transmission if the proper tim-
ing is employed. In figure 2, the diagrams depict
the formats of the fields in the sequence that they
are transmitted on the medium, with the left-most
bit transmitted first. The first diagram of figure 2
shows the frame format for the ring system of
figure 1 as having a voice portion and a data
portion as well as a framing field. The ring carries
frames of data of a fixed length such that a frame
circulates around the ring every 125 microseconds.
For example, at a transmission rate of 2.56
megabits per second, the frame length is 320 bits.
This is consistent with an eight kilohertz sampling
rate for voice. The number of speech channels, the
length of the speech bytes, the data packet length,
and the length of the data bytes may be configured
in a number of alternative ways within the con-
straint of the fixed frame length. For exampie, a
typical choice for a 320 bit frame length may be a
speech portion of 8 x 10 bit bytes and a data
portion of 30 x 8 bit bytes. Similarly, one may use
a format having 8 speech bytes of eight bits plus
32 data bytes of eight bits.

The speech bytes are used to carry S indepen-
dent speech channels and all control and signalling
associated with these channels is transmitied as
data packets in the data portion of a frame. The
ring interface at each station can be programmed
to receive and insert speech samples from any
speech channel so that a conversation may be
allocated to any channel.

The frame format is synchronized with the use
of framing data which is generated by the control
station on the ring; this data precedes every frame
of information and is used by every station to
generate clocking signals. Of course, the framing
signals must be easily differentiated from any data
that may normally be transmitted. For instance, the
use of bipolar violations in a byte of data generated
using differential Manchester encoding may be
used effectively for this purpose. This type of cod-
ing is generally well known in the art and is de-
scribed, for example, in Digital Computer Technol-
ogy and Design, Vol. Il, by Willis H. Ware, John
Wiley and Sons, 1963.

Since the system uses a fixed length frame
format and synchronous transmission, it is neces-
sary to ensure that the time delay around the ring
be constant. Hence, one of the stations must be
provided with a means for generating a transmis-
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sion delay that together with the sum of the unit
delays of each station equals the desired frame
time (125 usec). The station provided with the
delay means may conveniently be the same station
that generates the framing signals and is des-
ignated the control station. Except for this timing
function, the control station is identical to the other
stations on the ring.

The data format of a frame is illustrated in the
second diagram of figure 2 which shows the first
information data to be a token signal which, as
described earlier, may be a single bit (T), or a pair
of bits T and R or a byte of data. The following
byte of data forms the DEST field which specifies
the destination address of the packet followed by
the SRCE byte which identifies the address of the
station that sent the packet. The ensuing d-bytes
are the data to be transferred between stations and
this is followed by a cyclic redundancy check
(CRC) byte which is derived from the data portion
of the frame in the generally well-known manner.
The last byte of the frame is the STATUS byte
which is used to indicate the reception status of the
packet. Typically, the STATUS byte is used to
indicate 1) Packet not Received, 2) Receiver Busy,
3) CRC Error, or 4) Packet Received OK. Of
course, if no data is being sent, then all fields other
than the token signal and the framing signal are
undefined.

Figure 3A is a block circuit diagram of a slave
siation interface circuit used to connect a user
device such as 22 to the transmission medium of a
ring communication system as illustrated in figure
1. The serial data stream on the transmission me-
dium is connected to a receiver circuit 30 via a
receive port 31. The receiver circuit 30 serves to
decouple the station from the transmission medium
and derives a clock signal from the input signal for
controlling the timing of the slave station. The
receiver circuit 30 consequently comprises a regis-
ter, phase decoder, and phase-lock loop circuitry.
The input signal is fed to a selector circuit 32
which apportions the signal into its voice, T-bit, and
data components. The voice signal is sent to the
user terminal for decoding into its analog form. The
T-bit is fed to a past-present state detector 33 for
providing a first signal when the value of the T-bit
in the present frame is the same as the value of
the T-bit in the previous frame and a second signal
when the previous and present values are different.
The detector may comprise a one bit buffer 34 and
an exclusive-OR gate 35.

The data portion of the input signal is fed to an
address recognition circuit 36 which, upon positive
response, causes the input data to be transferred
to the user .device 22. A CRC check circuit 37
responds to the input data by providing inputs to a
STATUS-byte generator circuit 38 and to a collision
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detector circuit 39. An AND gate 40 provides trans-
mit select signals to ouiput select circuits 41 and
42 in response to signals from the detector 33, a
Back-off delay circuit 43, and a transmit signal from
the user device 22. The delay circuit 43 provides
the required amouni of delay or "wait period™ fol-
Jowing a collision detection by the detector 39. The
retransmit select circuit 41 causes the adapter cir-
cuit input signal to be fed through on lead 44 to a
transmitter circuit 45 and thence to the transmit
port 46 and the ring transmission medium in the
absence of an enable signal from gate 40. The
transmit select circuit 42, on the other hand, re-
sponds to an enable signal from gate 40 for allow-
ing the user station to transmit its own voice signal,
a toggled T-bit via inverter 47, and its own data
fields.

Figure 3B is a block circuit diagram of a con-
trol station interface circuit for connecting a user
device 22 to the transmission medium of a ring
communication system as illustrated in figure 1. As
the circuit of figure 3B is very similar to that of
figure 3A, similar circuits are identically labelled.
Since the receiver circuit 30 is not required to
extract timing signals from the receive port input
signal, the receiver does not require circuitry such
as phase-lock loop circuits. Instead, this interface
circuitry requires a clock circuit 50 for generating
framing signals and providing clock signals to the
fransmit circuit 45. In addition, the interface cir-
cuitry requires a delay circuit 51 which may conve-
niently be a tapped serial register inserted serially
into lead 44. This delay circuit is controllable by
the user device to ensure that synchronism of
transmission on the ring is maintained. Apart from
these differences, the station operates in exactly
the same way as a slave station for transmitting
and receiving packets.

The user device 22 may be a terminal or
workstation and may comprise a suitably pro-
grammed general purpose computer or micropro-
cessor adapted to conirol and digitize voice signals
as well as manipulate data under control of a
source of clock signals.

In operation, the conirol station of the ring
communication system supplies framing informa-
tion from which every-slave station derives clock
signals; it also inserts a delay in the ring fo ensure
that a frame of data circulates around the ring
every 125 microseconds. At every slave station,
the incoming serial bit siream is received and clock
is extracted by the receiver circuit 30 for use by
the interface logic and as the transmit clock source.
The ouigoing bit stream may be selected to be a
retransmission of the input signal or new data origi-
nating at the station. In the following description of
operation, the interface is assumed to be in reiran-
smit mode unless it is stated to be iransmitting
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data.

In order to transmit speech, a station must be
assigned one of the S speech channels. The sta-
tion waits for the frame signal, then counts a pre-
determined number of bit periods to the start of the
speech byte in the channel it has been assigned. It
then exiracts the speech sample contained in the
assigned channel and simultaneously inserts its
own speech sample, in the same channel.

Every station continually monitors the frames
passing by on the ring, and stores the last vaiue of
the T-bit in buffer 34. Every frame time a new
value of the T-bit is received and is compared with
the previous value. The data portion of the frame
immediately following the T-bit is idle or not being
used if the new T-bit value is the same as the
previous one. The data portion is being used or
busy if the two T-bit values differ.

To fransmit a data packet, the station waits for
the frame signal from which the start of the data
portion of the frame is readily determined. It re-
ceives the T-bit and determines whether the data
portion is busy or idle. If it is busy, the station waits
for the next frame and repeats the process. If the
data portion is idle, the station toggles the value of
the T-bit - from 0 to 1 or from 1 to O - to mark the
data portion busy and it then sends the destination
and source addresses in the DEST and SRCE
fields followed by the data in the DATA bytes,
checksum in the CRC byte, and sets the STATUS
byte value to "Packet Not Received'.

The station waits for the next frame pulse and
then monitors the data portion but does not modify
it; if more data needs to be transmitted, the station
waits for the next idle frame. If the data corre-
sponds to that just sent, the STATUS byte is sent
to the user station processor. If the data differs
from that sent, the processor is informed by the
detector 39 that a transmission error has occurred
and if, in addition, the CRC field is consistent with
the data, then the station enters a recovery process
as described below.

When a station is willing to receive data, it
waits for the frame pulse and for the start of the
data portion. If the T-bit indicates busy and the
DEST byte contains this station's address, it re-
ceives and retransmits the SRCE, DATA, and CRC
fields and performs its own CRC check. If the
check is OK, it transmits 'Packet Received OK' as
the STATUS byte, otherwise it transmits 'CRC Er-
ror' as the STATUS byte.

A station that cannot receive packets temporar-
ily, as for example when its hardware or software
buffers are full, will stili monitor the ring, looking for
valid packets addressed to it. It will retransmit any
such packet unchanged and insert 'Receiver Busy'
as the STATUS byte. This indication will be re-
ceived by the sender who will forward it to its
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processor for analysis and disposition.

As discussed above, the value of the T-bit may
be corrupted by a noise burst or other reason.
When an idle frame is accidentally marked busy,
the situation corrects itself after one frame time
because all stations assume that the frame is busy
and merely retransmit it, so that after one round
trip of the ring, the frame is recognized as being
idle again. This is because the token signal has no
inherent significance; its significance is determined
by a pair of contiguous token signals.

When a busy frame is accidentally marked
idle, several stations along the ring may attempt to
transmit in the same frame. The station whose
frame of data is on the ring detects this abnormal
condition when its conflict detector circuit 39 pro-
vides an output to the user processor and to the
back-off delay circuit 43 which, in turn, disables
gate 40 and prevents an enable to select circuit 42
from being generated. Thus, the station is inhibited
from transmitting on the ring for the duration of the
back-off period which corresponds to at least N
frames where N is the number of stations on the
ring. For example, with twenty-five stations on the
ring, the back-off delay period would be 25 x 125
gzsec = 3.125 milliseconds. At the end of the back-
off delay, the ring resumes normal operation.

A variation of the above-described control
mechanism for a ring communication system may
be obtained by having the toggle signal comprise a
pair of bits, a T-bit as just described and a reset or
R-bit preceding the T-bit. The significance of the T-
bit fo a station is the same as above-described but
only if the value of the R-bit is a predetermined
one of two values, for example 0. If the value of the
R-bit is the other value, for example 1, a station
responds by entering a reset state. The value of
the T-bit is stored by the stations on the ring but a
station does not transmit new frames of data and
ignores any frames of data addressed to it until the
value of the R-bit has re-assumed the predeter-
mined (no-problem) value. Figures 3A and 3B show
the receive selector circuit 32 as having a dotted
line output lead labelled R-bit. The processor unit
of the station causes the interface circuit to re-
spond in accordance with the value of the R-bit
received on that lead.

As in the one bit method, a station that trans-
mitted data monitors the next frame of data and
compares it with the data it transmitted, to detect a
transmission conflict caused by an accidental
change of the T-bit value. If a conflict exists, the
station sets the R-bit in the next frame to a ONE,
thereby causing all the stations on the ring to reset.
Any station sets the R-bit to ZERO if iis value is a
ONE in two consecutive frames; therefore, the en-
tire ring will again be operational after two frame
periods as compared with N + 1 frame periods for
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the first method.

Of course, an accidental change of the R-bit
from a 1 (problem condition) to a 0 bit (no-problem
condition) may lead to another transmission con-
flict. In that case, the first station to discover the
conflict will set the R-bit to the problem condition
(1) and the ring will reset. An accidental change of
the R-bit from idle (0) to reset (1) will cause the
ring to reset, but the error wili again correct itself
within one frame period.

The two methods described above provide a
more robust recovery mechanism for ring sysiems
than was heretofore known, by resolution of the
conflicts caused by transmission errors on the ring.
A still further variation of the invention provides a
confrol mechanism for the prevention of conflicts,
at least with a large degree of probability. in this
embodiment, the frame of data is preceded by a T-
byte. The frame is considered idle if the T-byte
value in the present frame is the same as that in
the previous frame, and is considered busy if the
T-byte values are different.

For example, if the present and the previous
values of the T-byte seen by a station wishing to
transmit are the same, say A, then the station
changes the T-byte to another value, say B, and
uses the frame for sending data. The value B
should be chosen, so that an accidental change
caused by transmission problems from B to A is
extremely unlikely so that it can be assumed to be
practically impossible. This result may be en-
hanced by ensuring that there is a large Hamming
distance between the values of the A and B bytes.
For example, paired codes for the A and B bytes
may be 00111100-11000011 or 10101010-
01010101. In these examples, the B bytes are
derived by inverting the A bytes; transmission er-
rors in these codes may cause an idle frame to
appear busy but the recovery is completed auto-
matically as described above. Alternatively, the A
and B bytes could have fixed values. In such a
case, an error correction procedure may be applied
to recover from transmission errors and it may also
be provided that if the idle byte accidentally
changes to any value other than the busy byte, the
change will not be acknowledged and no conflict
will be declared.

This embodiment of the invention may be re-
alized using the circuits of figures 3A and 3B. Of
course, the past-present detector 33 for the toggle
signal would have to be modified to accommodate
the T-byte. It may even be desirable to feed the T-
byte signal to the processor of the user station for
analysis and control thereof.

A feature of the system described above is that
the ring bandwidth is fairly divided between sta-
tions that wish fo transmit. If there are N stations
attempting to transmit continuously, each one will
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have to wait the maximum of N frame times before
it detects an idle data part and transmits data. Thus
each station receives 1/(N + 1) of the total avail-
able ring bandwidth.

The protocol forces any station with a long
message to send to split it into a number of fixed
length packets for transmission, and forces a sta-
tion receiving a message to concatenate the pack-
ets it receives in order to reconstruct the original
message. This disassembly and reassembly would
of course be the responsibility of higher level soft-
ware residing in the user station processor.

In the case where a station is not able to
reassemble more than one message at a time it
must be possible to accept only packets from a
selected source and reject all others. Alternatively,
the protocol may allow a transmitting station to
send as many packets as are necessary {o transmit
a complete message once it detects an idle frame.
This simplifies reassembly since the packets con-
stituting a message will arrive in consecutive
frames, and another station may not 'break in' on
the packet sequence. lf also increases throughput
for, if there is a single station attempting to trans-
mit, then it receives 1/2 of the available bandwidth
compared to the full bandwidth in the alternative
protocol. This alternative, however, destroys the
equity distribution properties of the ring since a
station which continuously sends small packets re-
ceives a smaller portion of the bandwidth than a
station that continuously sends long messages.

The control mechanism for ring communication
systems provided by the invention offers a simpler
recovery procedure and hence a more robust sys-
tem than heretofore known. This is achieved by
providing the system with a token signal which
does not have an inherent control value as in the
prior art but which requires the values of a contig-
uous pair thereof to control access to the transmis-
sion medium of the system. ’

Claims

1. A communication system comprising, a plural-
ity of stations (A, B, C, D, E) each having an
input port (12- 16) for receiving data and an
output port (17, 21) for transmitting data, and a
transmission medium (10) for interconnecting
said stations in a ring, each of the stations
comprising means (35) for determining the
busy/idle siatus of the ring, one of the stations
comprising means (50) for generating clock
and framing signals, each frame of data on the
ring being preceded by a toggle signal having
one or another value, the values of the toggle
signal in two consecutive frames determining
the busyf/idle status of the ring whereby a
station recognizes the ring to be idle if the



13 EP 0 161 825 B1

present value of the toggle signal is the same
as the value of the foggle signal in the pre-
vious frame, and a station recognizes the ring
to be busy if the present value of the toggle
signal is different from the value of the foggle
signal in the previous frame, the system being
characterised in that each frame of data further
comprises a status bit preceding the toggle
signal, each station being non-responsive to a
first value of the status bit and being respon-
sive to a second value thereof for re-initializing
itself.

Revendications

Systéeme de communications, comprenant une
multitude de stations (A, B, C, D, E) ayant
chacune un point d'entrée (12-16) pour rece-
voir des données et un point de sortie (17, 21)
pour transmetire des données, et un support
de transmission (10) afin d'interconnecter les-
dites stations dans une boucle, chacune des
stations comprenant un moyen (35) pour déter-
miner I'état occupé/inactif de la boucle, I'une
des stations comprenant un moyen (50) pour
engendrer des signaux d'horioge et de trame,
chaque trame de données de la boucle étant
précédée par un signal de déclenchement
ayant une valeur ou une auire, les valeurs du
signal de déclenchement dans deux trames
consécutives déterminant I'état occupé/inactif
de la boucle, d'ol il résulte qu'une station
reconnaft que la boucle est inactive si la valeur
présente du signal de déclenchement est la
méme que la valeur du signal de déclenche-
ment dans la trame précédente, et qu'une sta-
tion reconnaft que la boucle est occupée si la
valeur présente du signal de déclenchement
est différente de la valeur du signal de déclen-
chement dans la trame précédente, le systéme
étant caractérisé en ce que chaque trame de
donnée comprend en ouire un bit d'état précé-
dant le signal de déclenchement, chaque sta-
tion ne répondant pas a une premiere valeur
du bit d'état et répondant & une seconde va-
leur de celui-ci de maniére & se re-initialiser de
lui-m&me.

Patentanspriiche

1.

Kommunikationssystem, welches umfaBt eine
Vielzahl von Stationen (A, B, C, D, E), die
jeweils einen Eingangsanschiuf (12-16) zum
Empfangen von Daten und einen Ausgangsan-
schiuff (17-21) zum Senden von Daten besit-
zen, und ein Ubertragungsmedium (10) zum
Verbinden der Stationen in einem Ring, wobei
jede Station Mittel (35) umfaBt, um den
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Besetzi/Frei-Status des Rings zu bestimmen,
eine Station Mittel (50) umfaBt zum Erzeugen
von Takt- und Rahmen-Signalen, jedem Daten-
rahmen an dem Ring ein Schaltsignal voran-
geht, das einen oder einen anderen Wert an-
nimmt, die Werte des Schaltsignals in zwei
aufeinanderfolgenden Rahmen den
Besetzt/Frei-Status des Rings bestimmen, wo-
durch eine Station den Ring als frei erkennt,
wenn der gegenwértige Wert des Schaltsignals
der gleiche wie der Wert des Schaltsignals im
vorhergehenden Rahmen ist, und eine Station
den Ring als besetzt erkennt, wenn der gegen-
wirtige Wert des Schaltsignals sich von dem
Wert des Schaltsignais im vorhergehenden
Rahmen unterscheidet, und das System da-
durch gekennzeichnet ist, daB jeder Datenrah-
men weiter ein dem Schaltsignal vorangehen-
des Statusbit umfaBt, jede Station nicht auf
einen ersten Wert des Statusbit reagiert und
auf einen zweiten Wert desselben dadurch rea-
giert, daB es sich selbst wieder initialisiert.

4
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